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Abstract 



PROBLEM TO BE SOLVED: To provide a piezoelectric ceramic composition having a large piezoelectric 
displacement particularly under high electric field, a small temperature change of a specific dielectric 
constant and an excellent insulation property. 

SOLUTION: The piezoelectric ceramic composition is expressed by a composition formula, 
aPbTi03+bPbZr03+cPb(Ni1/3.Nb2/3)03 (a+b+c-100), exists on a line formed by connecting 
composition points of point I (a-35 mol%, b«30 mor/o, c-35 mor/o). point J (a-44 mol%, b«16 mol%, 
c»40 mol%). point K (a=50 mol%. b=40 mor/o, c=10 mol%) and point L (a=40 mol%. b=50 mol%. c»10 
mol%) in fig. 1 and in the region surrounded by the 4 points and has >«*500 pmN piezoelectric 
displacement when 500 icV/m DC electric field is applied in the same direction as the polarization axis 
and <»300% temperature change of the specific dielectric constant in the temperature range of (-40)- 
1 70 deg.e. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Empirical formula aPbTi03+bPbZr03+cPb (nickel [ 1/3 ], Nb 2/3) I points which it is 
expressed with 03 (a+b+c=100) and the composition range shows to drawing 1 (a= 35-mol% and b= 30- 
mol% and c= 35-mol%), J point (a= 44-mol% and b= 16-mol% and c= 40-mol%), K points (a= 50- 
rnoT% and b=^ 40-mol% and c= 10-mol%), When it is the range made into the field surrounded by the 
line top which connects each L forming points (a= 40-'mol% and b= 50-mol% and c= 10-mol%), and 
these four points and the direct-current electric field of 500 kV/m are impressed in the same direction as 
a polarization shaft The piezoelectric-ceramics constituent which the ****** displacement d33 (500kV) 
becomes 500 or more pm/V , and is characterized by the temperature change of specific inductive 
capacity being 300% or less in -40 degrees C - 170 degrees C. 

[Claim 2] The piezoelectric-ceramics constituent which converts Mn into the oxide expressed with MnO 
to the total amount of a piezoelectric-ceramics constituent further in a piezoelectric-ceramics constituent 
according to claim 1, contains at a 0 - 0.05wt% (0 does not contain) rate, and is characterized by the 
specific resistance in -40 degrees C - 170 degrees C being 1 .0x101 1 or more ohm-cm. 



[Translation done.] 
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LThis document has been translated by coniputer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the thing about the piezoelectric-ceramics constituent 
with which this invention makes titanic-acid lead zircomtc a principal component — it is — especially — 
the piezo-electricity under high electric field — a variation rate — while an amount is large and the 
temperature change of specific inductive capacity is small, it is related with the piezoelectric-ceramics 
constituent excellent in insulation 
[0002] 

[Description of the Prior Art] Conventionally, as a piezoelectric-ceramics material, since a piezoelectric 
constant is size, the electrostrictive ceramics (it is hereafter called PZT system electrostrictive ceramics) 
which contains PbTi03 and PbZr03 as a principal component, and the multicomponent system PZT 
system electrostrictive ceramics which made compound perovskites dissolve as the third fourth 
component are widely used as a material for actuators by making a piezoelectric transducer into the 
start, the piezoelectric-ceramics material of these systems -r general — composition near the mol 
photograph pick phase boimdary (MPB) — setting ~ piezo-electricity, such as a piezoelectric constant (d 
constant), — since the property which contributes to a variation rate improves, piezoelectric-ceramics 
material of composition near the MPB is widely put in practical use by the charge of actuator niaterial 
[0003] 

[Problem(s) to be Solved by the Invention] however, the value calculated by the resonance- 
antiresonating method by which the aforementioned piezoelectric constant was generally shown in the 
EMAS-6100 grade ~ it is— fundamental — the piezo-electricity at the time of low electric-field (about 
100 V/m of divisors) impression — the rate of a variation rate is shown On the other hand, the drive 
electric field in an actual electrostrictive actuator may also become hundreds kV/m - thousands kV/m, 
and may not have a meaning with the practical piezoelectric constant for which it asked by the 
aforementioned method. 

[0004] Furthermore, in connection with the breadth of the electrostrictive actuator use range, the 
property stability in a latus temperature requirement, especially the temperature stability of electrostatic 
capacity are called for in recent years. For example, when an electrostrictive actuator is used as parts for 
automobiles, according to the operating environment, the property stability in the latus temperature 
requirement which becomes -40 degrees C - no less than 170 degrees C may be required. On the other 
hand, generally, temperature change of specific inductive capacity became large, and the problem has 
produced the piezoelectric-ceramics material in the aforementioned composition near the MPB at the 
stability of the actuator property in a latus temperature requirement, especially the stability of 
electrostatic capacity. Since d constant is large, the piezoelectric-ceramics constituent of PbTi03- 
PbZr03-Pb(nicke]l/3Nb 2/3) 03 system (it is hereafter called a PNN-PZT system) is used as a 
piezoelectric-ceramics material for AKUYUETA elements. However, the piezoelectric-ceramics 
material of this system has comparatively small electrical resistivity, when much more thickness uses it 
for the element around 100 micrometers like a laminating type piezoelectric device, voltage which can 
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be impressed could not be enlarged, but sufficient property cannot be pulled out or the trouble of 
carrying out dielectric breakdown during use has produced it. 

[0005] Moreover, since the temperature change of electrical resistivity of the aforementioned PNN-PZT 
system piezoelectric-ceramics material was also large, when using it by the above latus temperature 
requirements especially, it had the problem of reliability falling further. 

[0006] Then, since the piezo-electric distorted constant at the time of high- voltage impression is large, 
and the temperature change of specific inductive capacity is small and the electrical resistivity in the 
high temperature range is also large, the general technical technical problem of this invention is to offer 
the piezoelectric-ceramics constituent which has a stable property by the latus temperature requirement. 
[0007] Moreover, the special technical technical problem of this invention becomes substantial fi"bm the 
aforementioned piezoelectric-ceramics constituent, and is to offer a jpiezoelectric-ceramics constituent 
useftil as a charge of actuator material. 
[0008] 

[Means for Solving the Problem] this invention person Empirical-formula aPbTi03+bPbZr03+cPb 03 
(nickell/3Nb 2/3) As a result of investigating various properties, d33 (500k V) becomes 500 or more 
pnW in a field predetermined in the composition range, the piezo-electricity of a piezoelectric-ceramics 

constituent e xpressed with (a+b+c^lOO) -- a variation rate ^- in -40 degr e es C - 170 degrees C The 

temperature change of specific inductive capacity finds out 300% or less and a bird clapper, and it 
comes to succeed in this invention. 

[0009] Moreover, by converting Mn into the oxide expressed with MnO to the above-mentioned 
piezoelectric-ceramics constituent, and containing at a 0 - 0.05wt% (0 not containing) rate^ it finds out 
that the insulation of the above-mentioned piezoelectric-ceramics constituent improves, and comes to 
succeed in this invention. 

[0010] Namely, I points which according to this invention it is expressed with empirical-formula 
aPbTi03+bPbZr03+cPb(nickel 1/3, Nb 2/3) 03 (a+b+c=100), and the composition range shows to 
drawing 1 (a= 35-mol% and b= 30-mol% and c= 35-mol%), J point (a= 44-mol% and b= 16-mol% and 
c= 40-mol%), K points (a= 50-mol% and b= 40-mol% and c= 10-mol%), When it is the range made into 
the field surrounded by the line top which connects each L forming points (a= 40-mol% and b= 50- 
mol% and c= 1 0-mol%), and these four points and the direct-current electric field of 500 kV/m are 
impressed in the same direction as a polarization shaft The piezoelectric-ceramics constituent which the 
****** displacement d33 (500k V) becomes 500 or more pm/V, and is characterized by the temperature 
change of specific inductive capacity being 300% or less in -40 degrees C - 170 degrees C is obtained. 
[0011] Moreover, according to this invention, in the aforementioned piezoelectric-ceramics constituent, 
Mn is further converted into the oxide expressed with MnO to the total amount of a piezoelectric- 
ceramics constituent, it contains at a 0 - 0.05wt% (0 does not contain) rate, and the piezoelectric- 
ceramics constituent characterized by the specific resistance in -40 degrees C - 170 degrees C being 
1 .0x101 1 or more ohm-cm is obtained. 

[0012] ' 
[Embodiments of the Invention] First, this invention is explained with reference to a drawing. 
[0013] Drawing 1 is drawing having shown the composition range of the piezoelectric-ceramics 
constituent of this invention by the triangular coordinate. As shovm in drawing 1 , the piezoelectric- 
ceramics constituent of this invention I points (a= 35-mol% and b= 30-m6l% and c= 35-mol%), J point 
(a= 44-mol% and b= 16-mol% and c= 40-mol%), It has the composition of the range made into the field 
surrounded by the line top which connects K points (a= 50-mol% and b= 40-mol% and c= 10-mol%) 
and L forming points (a= 40-mol% and b= 50-mol% and c= 10-mol%), and these four points, piezo- 
electricity when the piezoelectric-ceramics constituent of this invention impresses the direct-current 
electric field of 500 kV/m in the same direction as a polarization shaft in this composition — a variation 
rate d33 (500k V) becomes 500 or more pmA^, and the range of it is -40 degrees C - 170 degrees C, and 
the temperature change of specific inductive capacity has 300% or less of property 
[0014] Furthermore, the piezo-electric constituent of this invention converts Mn into the oxide 
expressed with MnO to the total amount of a piezoelectric-ceramics constituent fiirther in the 
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aforementioned piezoelectric-ceramics constituent, and contains it at a 0 - 0.05wt% (0 does not contain) 
rate, and the specific resistance in -40 degrees C - 170 degrees C has the property of 1.0x101 1 or more 
ohm-cm by this. 

[0015] Next, the gestalt of operation of this invention is explained. 

[0016] (Gestalt of the 1st operation) Weighing capacity of the raw material of a lead oxide (PbO), 
titanium oxide (PbO), a zirconium oxide (Zr02), nickel oxide (NiO), and a niobium oxide (Nb 205) was 
carried out so that it might be set to chemical formula aPbTi03-bPbZr03-cPb(nickell/3Nb 2/3) 03, and 
with the zirconia ball, such raw material powder was put in into the acrylic pot, and carried out wet 
blending for 20 hours. Next, after performing **** for these mixed powder in alumina ****** after 
dehydration dryness, wet grinding of each ****** was carried out with the zirconia ball in an acrylic pot 
for 1 5 hours. Then, the binder was mixed to the **** pulverized powder obtained by carrying out 
dehydration dryness, it was pressurized, and it fabricated to diameter (phi) 15x thickness (T)3mm. After 
calcinating this Plastic solid at 1 100 degrees C - 1300 degrees C for 2 hours and processing each 
sintered compact into the thickness of 1mm, it considered as the sample from which composition differs, 
respectively by applying a silver paste to both sides, printing at 450 degrees C, and forming an 
electrode. Thus, polarization processing was carried out for each obtained sample by mm in 3kV /, 
IIP4194A and the thermostat were used, and the IkHz temperature characteristic of sp'ecific-inductive- 
capacity epsilonr was measured. After holding the temperature characteristic 5 degrees C - every 10 
degrees C in -40 degrees C - 400 degrees C for 30 minutes, it measured 1 kHz epsilonr in each 
temperature. Moreover, d33 (500kV) impressed the voltage of OV ->500V ->0V to the aforementioned 
sample supported in the central point in uniform velocity and 2 seconds, and measured and computed 
the variation rate of the sample thickness direction using the fringe counter formula laser displacement 
gage. 

[0017] Drawing 2 is drawing showing the example of measurement of d33 (500kV). it is shown in 
drawing 2 - as - a measurement sample with a thickness of 1mm ~ the variation rate at the time of 
direct-current-voltage impression of 500V (field strength 500 kV/m) ~ d33 (500kV) was computed from 
the amount 

[00 1 8] Moreover, the rate of a temperature change of -40 degrees C - 1 70 degrees' C epsilonr is shown 
with d33 (500k V) in each forming point in the following table 1 . Sample No. which attached table 1 
Naka "*" shows the outside of the range of this invention. 
[0019] 
[Table 1] 
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No. 




dsjCSOOKV)/ 

PSB* V 




TcCC) 




b 


c 




1 




12 


45 


530 


6C0X 


180 




2 


44 


16 


40 


670 


170X 


200 


* 


3 


39 


21 


40 


1250 


650X 


190 




4 


50 


16 


35 


460 


170X 


230 




6 


46 


20 


35 


530 


18035 


220 




6 


40 


25 


35 


1000 


230X 


210 




Y 


35 


30 


35 


800 


2802 


200 


* 


8 


30 


35 


35 


700 


700K 


190 




9 


47.5 


30 


22.5 


520 


IfiOX 


270 




10 


37.5 


40 


22.5 


750 


290X 


250 


* 


11 


55 


35 


10 


470 


150S 


340 




12 


50 


40 


10 


520 


160t 


330 




13 


45 


45 


10 


700 


1701 


320 




14 


40 


50 


10 


600 


270S 


310 


* 


15 


35 . 


55 


10 


520 


700X 


300 




16 


51 


44 


5 


420 


160% 


350 




17 


46 


49 


5 


480 


190X 


340 




18 


41 


54 


5 


400 


280X 


330 



The following things can be read from the above-mentioned table 1. That is, in sample No.l, and 3 and 
8, since the Curie temperature (Tc) of a piezoelectric-ceramics constituent becomes 200 degrees C or 
less and the temperature change of -40 degrees C - 170 degrees C epsilonr exceeds 300%, it is not 
contained in the range of this invention. 

[0020] moreover, the line which connects sample No.7, and 10 and 14 - PbZr03 - in a rich field, d33 
[ comparatively high ] (500k V) is obtained — **** — since the temperature change of ****** and 
epsilonr becomes very large, it is not contained in the range of this invention 

[0021] Moreover, since the value of d33 (500k V) becomes less than 500 pmA^, sample No.4, and 1 1, 
16, 17 and 18 are not contained in the range of this invention, respectively. 

[0022] From these results, the property made into the target of this invention Sample No.2, and 7, 12 
and 14 respectively No.2 (a= 44-mol% and b= 16-mol% and c= 40-mol%), No.7 (a= 35-mol% and b= 
30-mol% and c= 35-mol%), In the range made into the field surrounded by the line top which connects 
No. 12 (a= 50-mol% and b= 40-mol% and c= 10-mol%) and the forming point of No. 14 (a= 40-mol% 
and b= 50-Tnol% and c== 1 0-mol%), and these four points It turns out that it is attained in the field 
surrounded by four square shapes shown in drawing 1 . 

[0023] A lead oxide (PbO), titanium oxide (Ti02), (Gestalt of the 2nd operation) A zirconium oxide 
(Zr02), nickel oxide (NiO), a niobium oxide (Nb 205), The raw material of manganese carbonate 
(MnC03) so that it may be set to chemical formula aPbTi03-bPbZr03-CPb(nickell/3Nb 2/3) 03+MnO 
(wt%) Weighing capacity was carried out and the specific resistance of the sample which created and 
created the sample by the same method as the gestalt of the 1st operation which comes out 170 degrees 
C -40 degrees C, respectively was measured. 

[0024] An example of the result is shown in drawin g 3 . the constant temperature from drawing 3 ~ in a 
field, although specific resistance falls, it turns out that specific resistance improves notably and is 
satisfied [ only with carrying out ultralow-volume addition of the MnO ] of the desired value of this 
invention Moreover, when the addition of MnO exceeded 0.05 wt%, it turns out that the improvement 
effect in specific resistance beyond it can be desired, and there is nothing. For a certain reason, 
superfluous addition of MnO can also judge the inclination to degrade piezo-electric properties, such as 
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a piezoelectric constant, that less than [ 0.05 wt% ] is a suitable value to the target of this invention. 
[0025] 

[Effect of the Invention] Since according to this invention the piezo-electric distorted constant at the 
time of high-voltage impression is large, and the temperature change of specific inductive capacity is 
small and the electrical resistivity in the high temperature range is also large as explained above, the 
piezoelectric-ceramics material which has a stable property can be offered, and it is very useful as a 
charge of actuator material at a latus temperature requirement. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Conventionally, as a piezoelectric-ceramics material, since a piezoelectric 
constant is size, the electrostrictive ceramics (it is hereafter called PZT system electrostrictive ceramics) 
which contains PbTi03 and PbZr03 as a principal component, and the multicomponent system PZT 
system electrostrictive ceramics which made compound perovskites dissolve as the third fourth 
component are widely used as a material for actuators by making a piezoelectric transducer into the 
start, the piezoelectric-ceramics material of these systems ~ general — composition near the mol 
photograph pick phase boundary (MPB) — setting — piezo-electricity, such as a piezoelectric constant (d 
constant), — since the property which contributes to a variation rate improves, piezoelectric-ceramics 
material of composition near the MPB is widely put in practical use by the charge of actuator material 

[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the composition range of the piezoelectric-ceramics material of this 
invention by the triangular coordinate. 

[Drawing 2] It is drawing which was shown with the gestalt of operation of the 1st of this invention and 
in which showing the concept of d33 (500kV) measuring method, and is dravsdng showing the relation of 
the piezo-electric displacement by applied voltage, 

[Drawing 3] It is drawing showing the relation of specific resistance with the MnO addition shown with 
the gestalt of operation of the 2nd of this invention. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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IDrawing 2] 




TDrawing 31 
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